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Abstract 
Most of the models used in the Item Response Theory assume point-symmetry of the Item Characteristic Curve. Although the 
convenience of such models is obvious a priori assumption of symmetry does not always correspond to an experimental data. In 
many cases we deal with obviously skewed distribution and the usage of symmetric models involves inevitable errors both in 
experimental studies and in test constructing. The applicability of the asymmetric model for the analysis of test items is discussed 
in the present study. Data obtained from aven’s Advanced Progressive Matrices (N=365) are used to illustrate the analysis. R
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1. Introduction 
Item Response Theory (IRT) is widely used for developing, improving and scoring tests, questionnaires or 
interviews in educational testing as well as in personality and psychopathology measures. However most of the 
models used in Item Response Theory assume point-symmetry of the item characteristic curve (ICC) since one of 
the first symmetric logistic models was proposed by A.Birnbaum (1968) as a substitute for the normal ogive model. 
Convenience of such models is obvious from the mathematical point of view. At the same time a priori 
assumption of symmetry does not always correspond to an experimental reality that was mentioned by some authors 
(e.g. Bazán, J. L. et al., 2006; Chen et al., 1999). In many cases we deal with obviously skewed distribution and the 
usage of symmetric models involves the inevitable errors both in experimental studies and in test constructing.  
The advantages of the application of a non-symmetric model for the analysis of test items are examined in the 
present study. ICC asymmetry can easily be reached by raising the symmetric model to a power k as the allowed 
values of probability vary from “0” to “1” (the 2-PL model will be discussed as an example in this study): 
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This model also described by F. Samejima (Samejima, 2000) seems to be the most convenient for data fitting in 
the Item Response Theory because of its mathematical simplicity. Thus for example the model proposed by 
J.L. Bazán, et al (Bazán, J. L. et al., 2006) based on the skew-normal distribution (Azzalini, 2005) is certainly 
interesting from the mathematical point of view. At the same time in our opinion the important advantages of any 
model are its convenience in usage and ease of calculations with simple instruments. So we consider the power 
model to be the most admissible in the IRT. However F. Samejima only introduced this type of the model referring 
to the better data fit and did not specify the parameters of this model corresponding to the parameters traditionally 
analyzed in the IRT. So even though one decade passed after the power model was firstly described we can hardly 
find any studies referring to its practical application and providing data concerning the comparison of parameter 
estimates obtained by symmetric and asymmetric models. The present study focuses on the problem of the usage 
and comparison of two models basing on the data obtained from Raven’s Advanced Progressive Matrices (N=367). 
2. Two Parameter Logistic Power Model: Basic Parameters and Features 
The main difficulty of the 2PLP (parameter logistic power) model is the fact that the obtained coefficients can not 
be directly interpreted as it is always done in the 2PL model. However this problem can be solved by application of 
some mathematical transformations. 
The symmetric 2PL Item Characteristic Curve allows to obtain two main parameters representing the properties 
of the test item. The ȕ coefficient is the value of ș at the point of probability equal to 0.5. The Į parameter represents 
the item discrimination power at the point of 0.5 probability. Values of these parameters allow evaluating the 
properties of each item in the test. 
In the asymmetric 2PLP model the value of ș at the point of 0.5 probability can be calculated by (2): 
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For the analysis of the item discrimination parameter at the point of 0.5 probability the first derivative at this 
point is calculated as (3): 
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When it is necessary to compare the discrimination parameter Į of the 2PL model to the obtained value of the 
2PLP model the latter should be multiplied by 4 as in case of the 2PL the first derivative at the point p=0.5 has the 
value of 0.25Į. At the same time it is important to remember that the maximum slope of the item characteristic 
curve in the 2PLP model does not necessarily correspond to the point of 0.5 probability. The value of ș where the 
slope of the curve is maximal corresponds to the point where the second partial derivative of the function P(ș) is 
equal to zero and can be calculated as (4): 
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Figure 1a shows as an example ICCs for the item 22 of Raven’s APM obtained using symmetric and asymmetric 
models (ș values are transformed to z-scores). In this case the point of 0.5 probability obviously corresponds to 
different values of ș depending on the model used in the analysis. 
The comparison of the information functions seems to be even more illustrative. In general case the formula for 
the Item Information Function (IIF) looks like (5): 
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where Pi(ș) is the probability of correct response for the test item and Qi(ș)=1- Pi(ș). 
For the 2PLP model the IIF transforms to (6): 
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Figure 1b shows the IIFs for the item 22 of the APM obtained using symmetric and asymmetric models. It is 
obvious that the estimated value of the maximum of information corresponding to ș§0 obtained using the 2PL 
model appears to be deceptive. 
 
 
Fig.1 a) Item characteristic curves and b) Item information functions for the item 22 of the APM obtained using 2PL and 2PLP models  
 
According to the 2PLP model maximum of information for this item corresponds to the value ș§0.6. It is 
necessary to notice that the 2PLP model fits the data significantly better in this case. The differences between the 
models mentioned above concern also the maximum value of the first partial derivative corresponding to the values 
ș§0.002 and ș§0.445 in the 2PL and the 2PLP models respectively. 
Figure 2 shows the test information functions obtained using the 2PL and the 2PLP models. The lack of 
correspondence is obvious. 
 
 
Fig.2 Test information functions for the APM obtained using 2PL and 2PLP models 
 
Significant peak of the curve corresponding to high values of ș obtained using the 2PLP model could be caused 
by the high skewness of the ICCs for more difficult items which means higher discrimination not at the 
0.5 probability point but at higher values of probability. At the same time local minimum of the curve shown on the 
figure appeared to correspond to the mean values of ș in case of the 2PLP model. 
3. Analysis of the applicability of the symmetric model 
In our opinion the 2PLP model should firstly be used for the analysis of the applicability of the symmetric model. 
Such analysis could be realized basing on the comparison of the item characteristic curves obtained using the 
symmetric and asymmetric models. The algorithm for the identification of the items with highly skewed ICCs could 
be very simple. 
Yury S. Dodonov and Yulia A. Dodonova / Procedia Social and Behavioral Sciences 5 (2010) 1592–1595 1595
 
Fig.3 Item characteristic curve and the function of first partial derivative for the item 22 obtained using the 2PLP model 
 
For example Figure 3 shows item characteristic curve and the curve of the first partial derivative for the item 22 
obtained using the 2PLP model.  
Maximum of the first partial derivative (marked with A) representing the highest differentiation power of the 
item corresponds to the value ș§0,44 (marked as D). On the other hand this value of ș corresponds to the value of 
the probability of correct response PC§70% (marked as C) and the probability of incorrect response of 30%. The 
estimate in percents is obtained according to (4) by the formula (7): 
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If the ICC is close to the symmetric case the obtained value PC will be almost equal to 50% providing the 
percentage ratio of the correct and incorrect responses as 50:50. The simplest idea of the symmetry estimation could 
base on the comparison of the obtained ratio (70:30 in this example) with the expected 50:50 ratio. Ȥ2 statistics could 
be used for this purpose in the simplest case. Such analysis provides only rough primary estimates of the degree of 
asymmetry. However even such simple algorithm allowed to reveal asymmetry of the item characteristic curves for 
at least 12 items of the APM basing on our data. 
4. Discussion 
The problem of the practical application of the asymmetric model is not quite clear. Despite of the significantly 
better data fit provided by the asymmetric model it still remains more complicated for the item analysis. Given a 
number of items with different skewness we would need a complex mechanism of analysis to compare them in one 
test; the symmetric model is much easier for such test analysis. However an examination of item properties based on 
the asymmetric model could prevent including items with obviously asymmetric ICCs to the test. Such primary 
estimation would help to avoid further mistakes in test analysis as well as in test construction in adaptive testing. 
Thus in our opinion the asymmetric model should mainly be regarded as an adequate instrument for the estimation 
of data asymmetry that could be reached via the comparison between the item parameters obtained using the 
asymmetric and symmetric models. 
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